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BLAST FURNACE GRANULAR COAL INJECTION -
RESULTS WITH LOW VOLATILE COAL

INTRODUCTION

This report describes the first coal trial test conducted with the Blast Furnace Granular Coal
Injection System at Bethlehemn Steel Corporation’s Burns Harbor Plant. This demonstration
project is divided into three phases:

Phase I - Design
Phase II - Construction
Phase III - Operaton

The design phase was conducted in 1991-1993. Construction of the facility began in August
1993 and was completed in late 1994. The coal injection facility began operating in January
1995 and Phase III began in November 1995.

The Trial 1 base test on C furnace was carried out in October 1996 as a comparison period
for the analysis of the operation during subsequent coal wrials.

BACKGROUND

The granulated coal injection facility at the Burns Harbor Plant began operation in January
1995. Coal injection began on D fumnace in mid-December 1994, primarily to test the coal
grinding and preparation circuits. Significant operations began January 19, 1995 when coal
was injected through four tuyeres at a total rate of 20 pounds/NTHM. Coal injection was
initiated on C furmace on February 9, 1995 using four tuyeres at an overall rate of 25
pounds/NTHM. The remaining 24 tuyeres used natural gas injection at the same time. These
conditions were maintained throughout February and March. Operating difficulties with the
coal grinding and preparation system, typical of new facility start up problems, required
equipment changes and modifications. The first complete month of operation with coal as the
sole injectant on C furnace was June 1995. On D furnace, complete coal injection began in
April 1995. Since that time an operational leaming curve and the development of efficient
operating practices with the granulated coal facility were completed.

Sydney coal, a high volatile coal, was used on both furnaces for eight months. Six different
low volatile coal types were subsequently used on both furnaces for seven months. The good
operational experience with the low volatile coal resulted in a decision to use low volatile
Virginia Pocahontas coal as the standard for granulated coal injection at Burns Harbor.



The objective of the overall test program is to determine the effect of coal grind and coal type
on blast furnace performance. Meaningful analysis of blast furnace process changes that
occur with a change of injected coal type or sizing requires a base test period from which
comparisons can be made for future tests. The requirements for an acceptable trial are:

1. The base period used for comparison should be chronologically close to the ensuing

trial period.

2. A steady state operation with minimum day-to-day variability. The length of the test
period is flexible, however, the longer the trial duration, the more definitive the
results.

3. A minimum of major furnace process changes during the trial, particularly with the

process variable that is being evaluated.
BLAST FURNACE OPERATIONS

The Burns Harbor C furnace operation during October 1996 meets the requirements for an
acceptable comparative base period. The operating results for this period may be used as the
basis for the evaluation of future trials.

The October operation on C furnace was adequate in terms of furnace performance
parameters using coal injection. The injection facility supplied coal without interruption for
the entire month. The average rate of 264 pounds/NTHM varied from 246-278
pounds/NTHM on a daily basis. The furnace coke rate during the period averaged 661
pounds/NTHM.

The important furnace operating conditions that indicate the full range of furnace performance
results are discussed and documented in the following. In addition, extensive environmental
stream testing of the closed water and gas cleaning systems, furnace refractory temperatures,
thermal loads and refractory wear are presented for the Trial Base period.

FURNACE OPERATING CONDITIONS

. The C furnace is designated as the granulated coal test facility due, in large part, to the
physical improvements made to the furnace during the 1994 reline. The C fumace was
enlarged slightly and the refractory cooling system was upgraded to a high density plate -
cooling configuration. The furnace stack region on C has closely spaced cooling plates that
are not on the D furmace. This high density cooling was specifically designed for the rigors
of high coal injection rates and to provide for increased production capability.



The essential operating characteristics for the base test are shown in Table 1. These values
comprise the operating comparative base results necessary for future trial evaluation.

The type of coal used and the grind size distribution for the trial is of primary consideration
for this period. The monthly average chemistry for the Virginia Pocahontas injected coal is
shown on Table 2. This coal is a low volatile type with high carbon and relatively low ash
content. These two characteristics should provide the highest coke replacement value for the
furnace process. The gross heating value, GHV, is also an indication of the heat value
provided in the tuyere region of the furnace to offset the reduction in the furnace coke rate.
The sulfur content of this coal is .78% and is considered to be mid-range. Candidate coals
that were evaluated for use ranged in sulfur content from .32% to 1.75%. The sulfur content
and the impact on the furnace process are discussed in more detail later. The sizing of the
final granulated coal product is also important to the blast furnace operators. Daily samples
are taken on each furnace to determine the size distribution of the coal sent to the furnace.
Table 2 shows the average size distribution of the coal injected on C furnace for October.
Granular coal size for injection purposes is defined as 100% of the product coal passing a 4
Mesh (S5mm) screen, 98% -7 Mesh (3mm) and 10-30% as -200 Mesh. In contrast, pulverized
coal is defined as 70% - 80% of the product coal -200 Mesh. The definition of granular coal
on C fumnace for October is met with the average values shown on Table 2.

The injected coal rate of 264 pounds/NTHM on C fumnace during October is one of the
highest achieved since the start-up of the coal facility. The reliability of the coal system
enabled the operators to reduce furnace coke to a low rate of 661 pounds/NTHM. The low
coke rate is not only good economically, it is an indicator of the efficiency of the furnace
operation with regard to displacing coke with injected coal.

Hot metal chemistry, particularly silicon and sulfur content, is another important ironmaking
parameter. The end user of the molten iron, the Steelmaking Department, specifies the silicon
and sulfur levels that are acceptable for their process. Low variability around the average
value is necessary to achieve these specifications. The standard deviations of the silicon and
sulfur content of the hot metal for October are shown on Table 1.

Table 1 also shows a typical period of natural gas injection on the C furnace during January
1995. Comparatively, we can see the significant operating changes that occur with the use of
injected coal versus natural gas. The wind volume on the furnace has decreased significantly
with the use of coal. Oxygen enrichment also increased from 24.4% to 27.3% with coal.
The amount of moisture added to the furnace in the form of steam increased most
significantly from 3.7 grains/SCF of wind to 19.8 grains/SCF. All of these operating
variables were increased by the furnace operating personnel to maintain adequate burden
material movement. These actions also increased the permeability of the fumace burden
column. Permeability is discussed in more detail later.



Also of significance in Table 1 is the adjustment made to the furnace slag chemistry to
accommodate the increased sulfur load from the injected coal. The sulfur content of the slag
increased from 0.85% with gas to 1.39% with coal. The slag volume also increased in order
to help with the additional sulfur input.

Blast furnace slag chemistry and volume is a determining factor in the final sulfur content in
the hot metal. The blast furnace slag must be of such a chemistry that it can carry the suifur
supplied by the burden material, including the sulfur contributed by the injected coal. Table 3
shows the sulfur balance on C furnace during the month of October. Injected coal is the
second largest contributor of sulfur to the blast furnace process. The blast furnace slag is the
largest output variable for the sulfur.

The blast furnace also produces large quantities of gas. The gas exits the top of the fumace,
is cleaned and used as a fuel in the hot blast stoves. The excess gas produced is consumed at
the plant’s boiler house. Special testing during October by the Burns Harbor Plant
Environmental Department for the presence of sulfur in the gas shows an average of 3.1
grains per 100 scf during the month. The amount of sulfur present in the gas and the total
gas production is shown on Table 3. The total furnace sulfur balance shows reconciliation of
the furnace sulfur input to output at 99.2%.

A method of representing furnace stack conditions as well as the overall furnace operation is
by calculating a permeability value. Permeability is a function of the blast rate and the
pressure drop through the furnace. The equation used for this purpose is:

Permeability = (Furnace Wind Rate)’ / [(Furnace Blast Pressure)? - (Furnace Top Pressure)’)

The larger the permeability number the better the furnace burden movement and the better the
reducing gas flows through the furnace column. Figure 1 is a plot of the permeability value
and the injected coal rate for each month in 1996. The permeability decreased from January
to February as the injected coal rate was increased. Since then, this value has increased
monthly, declining only slightly to a level of 1.19 for October. This indicates an acceptable
overall operation on the C furnace during the base test period.

ENVIRONMENTAL TEST RESULTS
Gaseous Streams:

During the month weekly gas samples were obtained from the C furnace and analyzed by
Mostardi Platt Associates, Inc. Results of the gas samples are presented in Appendix 1.



Wastewater Monitoring

During October, monitoring of the Division’s treated process water effluent (Monitoring
Station ¢11) and the Division’s combined effluent was conducted in accordance with the
NPDES permit. In addition, internal monitoring of the Blast Furnace Recirculating Water
System was performed weekly. Figure 2 is a flow diagram of the water system and shows
the location of the outfall monitoring stations. All monitoring results at Station 011 and
Outfall 001 were within the applicable limitations and/or expected ranges. Monitoring results
for the recirculating water system on October 23 indicate a slightly elevated
ammonia-nitrogen concentration. The cause of elevated level is unknown. There were no
adverse affects on the Division’s wastewater system that could be attributed to the BFGCI
system during the month. Appendix 2 shows the monitoring results for the month.

FURNACE THERMAL CONDITIONS AND LINING WEAR

The C furnace is equipped with a Thermal Monitor System consisting of two components:
eight thermocouples embedded in the furnace refractory at each of four furnace elevations and
an extensive system of thermocouples in the discharge water cooling system at five furnace
elevations. The heat loss in the furnace is calculated for various elevations in the furnace
from the water system thermocouples.

In addition to the array of thermocouples, wear monitors have been placed in the refractories
of the furnace at various elevations and quadrants. These monitors give an indication of the
amount of brick that is left in the furnace at the various elevations.

The inwall refractory temperatures for C furnace are shown in Figure 3 for 1996. The
increased amount of injected coal does not appear to have caused an increase in the
temperatures over the ten month time frame. The refractory temperatures for October have
decreased at several elevations from some high values during January and February.

By contrast, the thermal load values in BTU/HR/FT?, especially at cooler plate row 11-20, did
increase significantly during May, June and July compared to January 1996. However, the
heat loads have subsided during the following three months. This trend is shown in Figure 4.
Although there has been a increase in thermal loads at row 11-20, the mid-stack elevation on
the furnace, none of the other measured elevations have increased significantly. Changes in
thermal load values indicate a change in the operating characteristics of the furnace. The C
furnace, as mentioned previously, was designed to accept these anticipated increases.

Figure 5 shows the refractory wear monitor readings from the beginning of the C furnace
campaign. The amount of coal injected is also shown. This figure seems to indicate that
brick wear has increased as coal injection rates have been increased. This may or may not be
the proper conclusion on furnace refractory wear. Figure 6 is included in this analysis to



show that refractory wear in a blast furnace may also be attributed to normal wear over the
life of the campaign. Figure 6 shows the refractory wear patterns of previous fumace
campaigns at the Burns Harbor Plant against service time in months. We note that after
twenty months of service, the highest wear area on C furnace with coal injection is slightly
better than three previous furnace campaigns without coal injection. We must also note,
however, that the previous campaigns shown did not utilize the high density cooling
configuration that was installed on the C furnace for the current campaign. More operating
data 1s necessary to determine the relationship between coal injection and furnace refractory
wear.

DISCUSSION

A major conclusion of the use of granular coal injection for the October base test as well as
the general furnace operational characteristics shown throughout 1996 is that granular coal
performs very well in large blast furnaces.

The quantity of furnace coke that is replaced by an injected fuel is an important aspect of the
overall value of the injectant on the blast furnace process. The replacement ratio is also a
very strong indication of the quality of the overall operation with coal as the injectant. A
detailed analysis of the furnace coke/granuiated coal replacement value for the C and D
furnaces at the Burns Harbor Plant has been completed.

The replacement ratio for a blast furnace injected fuel is defined as the amount of furnace
coke/NTHM that is replaced by one pound/NTHM of the injectant. However, there are many
furnace operating factors, in addition to the injectant, that affect the reported coke rate. In
order to calculate an accurate value for the injected coal’s role in the process, all other blast
furnace operating variables that result in coke rate changes, positively or negatively, must be
accounted for. After technically accounting for coke changes caused by variables other than
the coal, we attribute the remaining coke difference to the injected coal.

This evaluation uses monthly average furnace operating results compared to an appropriate
base period for each furnace to develop the replacement ratio. We have used twenty five
months of data on both furnaces which includes operating results through the second quarter
of 1996. The more monthly operating data available the more accurate and appropriate the
replacement value determination will be.

The adjusted furnace coke rate and the injected coal are plotted in Figure 7 along with the
best fit regression line. The slope of the best fit line shows that the coal/coke replacement is
0.96. The C furnace value for October 1996 is shown seperately. This value correlates well
with the overall regression. This is an excellent replacement ratio and is significantly better
than the 0.8-0.9 replacements reported by other injection operations.



A second conclusion from this work is the ability of the process to adequately handle the
increased sulfur loading from the injected coal. As shown in the sulfur balances, the biast
furnace slag can be adjusted, without harm to the overall operation, to accommodate the
increased sulfur input.

Thirdly, the unexpectedly large decrease in furnace permeability as a result of the use of
injected coal has been overcome by increasing the oxygen enrichment and raising the
moisture additions to the furnace.



Production, NTHM/day
Delays, Min/day

Coke Rate, Ib/NTHM Rep.
Natural Gas Rate, lbs/NTHM
injected Coal Rate, Ibs/NTHM
Total Fuel Rate, Ibs/NTHM

Burden %:
Sinter
Pellets
Misc.
BOF Slag lbs/NTHM

Bltast Conditions:
Dry Air SCFM
Blast Pressure, psig
Permeability
Oxygen in Wind %
Temp, F
Moist. Grs/SCF
Flame Temp, F
Top Temp, F
Top Press, psig

Coke:
H20, %

Hot Metal %:

Silicon
Standard Dev.

Sulfur
Standard Dev.

Phos.

Mn.

Temp., F

Slag %:
Si02
Al203
Cal
MgO
Mn
Sulfur
B/A
B/S
Voiume, Ibs/NTHM

TABLE 1

BASE PERIOD EVALUATION

Burns Harbor C Furnace
Summary of Operations

OCTOBER 1996

6943
71

661
0
264
925

35.9
63.8

w

137,005
38.8
1.18
27.3

2067
19.8

3841
226

16.9

5.0

.50
.128
.040
.014
.072
.43
2734

36.54
9.63

38.03

11.62

.46

1.39
1.10
1.39
424

JANUARY 1985

7436
25

740
141
0
881

32.3
67.0

~

167,381
389
1.57
24.4
2067

3.7
3620
263
16.1

4.8

44
.091
.043
.012
.070

.40

2745

38.02
8.82

37.28

12.02

.45

0.85
1.05
1.30
384



TABLE 2

BURNS HARBOR C FURNACE INJECTED COAL ANALYSIS AND SiZING
OCTOBER 1996 - COAL TEST BASE

Coal Va. Pocahantas
Six Train Avg. , June1996
Vol. Matter, % 18.00
Sulfur, % .78
Ash, % 5.3

Ultimate Analysis, %

Carbon 87.1
Oxygen 1.23
Hydrogen 4.2
Nitrogen 1.21
Chlorine 170
Total Mois.,% 6.6
GHV, BTU/b (dry) 14874

C FURNACE PRODUCT COAL SIZING
OCTOBER 1996

MEAN % $.D.%
+4 Mesh 0 -
-4 Mesh + 8 Mesh 0.6 0.2
-8 Mesh +16 Mesh 3.7 0.5
-16 Mesh 430 Mesh 10.6 1.1
-30 Mesh  +50 Mesh 16.0 0.6
-50 Mesh  +100 Mesh 26.8 4.6
-100 Mesh +200 Mesh 27.7 4.2
-200 Mesh  +325 Mesh 13.9 3.3
-325 Mesh 0.70 c.4

TOTAL 100.0



TABLE 3

BURNS HARBOR C FURNACE SULFUR BALANCE

SULFUR INPUT:

Material;

Furnace Coke, Sulfur Analysis
Tons Coke Used
Tons Sulfur In

injected Coal,Sulfur Analysis
Tons Coal Used
Tons Sulfur In

Sinter, Sulfur Analysis
Tons Sinter Used
Tons Suifur In

Peilets, Sulfur Analysis
Tons Peliets Used
Tons Suffur in

Scran, Sulfur Analysis
Tons Scrap Used
Tons Sulfur In

BOF Slag, Sulfur Analysis
Tons BOF Used
Tons Suifur in

TOTAL TONS of SULFUR IN:

October 1996

.69%
71,085.0
480.5

.78%
28,409.0
221.8

.02%
121,282.6
24.3

01%
215,306.5
21.5

23%
3,981.7
9.2

.07%
£30.2
4

767.5

OCTOBER 1996 - COAL TEST BASE

SULFUR OUTPUT:

Material;

Blast Furnace Slag, Sulfur Analysis
Total Tons Produced
Tons Sulfur Out

Blast Fumace Iron,Sulfur Analysis
Total Tons Produced
Tons Sulfur Out

Flue Dust,Suifur Analysis
Total Toens Produced
Tons Sulfur Out

Filter Cake,Suifur Analysis
TJotal Tons Produced
Tons Sulfur Out

Top Gas, Sutfur Content

Total Gas Produced, MMCF
Tons Sulfur Out

TOTAL TONS of SULFUR OUT:

SULFUR OUT/SULFURIN

October 1886

1.39%
45,626.6
634.2

.040%
215,220.0
86.1

.450%
1,076.1
4.8

A482%
2.570.60
12.4
3.1 Grs./100 sct

108,246
23.9

761.4

.992
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Adjusted Coke Rate - Ihs/ton
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FIGURE 7

BURNS HARBOR C & D BLAST FURNACES

Regression Analysis - Injected ACoaI vs Adjusted Coke Rate
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Blast Furnace Granulated Coal Injection
Environmental Monitoring Report

Appendix [ - Gaseous Stream Testing Results



945 Qaklawn Avenye

A Fyll-Service Eimnurst, tingis §0126-9032
Ervironmental Consulting Phone 708-993.9000
Company Facsimile 708-993.9017

@ Mostardi Platt

GAS ANALYSIS STUDY
Performed For
BETHLEHEM STEEL CORPORATION
At The
Burns Harbor Works
Burns Harbor, Indiana
Blast Furnace C
October 3, 9, 17 and 25, 1996

®© Copyright 1996
All rights reserved in
Mostardi-Platt Associates, Inc.

MOSTARDI PLATT PROJECT: 64017, 64113, 64202, 64312
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Bethlehem Steel

C-Blast Fumace

Gas Test Results
Burns Harbor, Indiana

w
Carbon | Total Sulfur Content
0O, Monoxide
(mol %) | (moi %) |(PPmY)](as gr/100 scf)
10/03/96 0830 * . * . . .
10/03/96 1100 458 25.0 0.63 23.7 36.0 2.3
F 10/03/%6 1300 * * . * * .
e 1
—_— |
10/09/96 0800 2.26 21.8 3.99 213 34.0 2.1
10/09/96 1100 . * . . * .
10/09/96 1300 4.04 23.6 1.26 24.2 60.0 38
. T —
—_ . o _____ |
10/17/96 . * b b * -
10/17/96 1100 * * * . . *
10/17/96 1300 4.73 249 0.62 25.5 490 31
— W“
P — ENCEETE T, = e |
10/25/96 0800 4.51 24.1 59.0 37
[ 10/25/96 1000 4.66 24.5 0.61 25.8 53.0 3.3
" 10/25/96 1200 4.49 243 0.94 24.5 57.0 36
R S e e

* Dara included in report but shows high % of oxygen and may not be representative of
actual conditions.

Mosardi Plan Project 64017

© Mostard-Plan Assocates, Inc.



IGT temon ofGes Tecaaciogy

Analytical Report

Major Component Gas Ansiyss By Gay Chromatography

Cient Name: Mostard; Platt
IGT Sample Number: 9614961

Neotax: All blank vahaes are below delsction ling

ND - Not Derermmnd
Towl Hydrocartas sre below 0.03%

Sampic Description: Sample 64017001 /2/3/96 ©0®3o
Dute Analyzed: 7-0c1.96 Anslyst ¢a
Component Mal % Det. Limnkt Weight %
Halnan ND 0.001% ND
Fydrogm 17% 0.0M% L10%
Cartum Dvomcide 1™ 0.00% 115%
Edwre [ 1., 8
Eshane 0.0M%
Cygen/ Ay $30% 0% 19.0%
Nrroge 593% 0.09% S51%
Méechane 0.00%
Cartoots Mowsstile 141% 0.o% 132%
Etwyoe 0.00%
Propme 0 00™%
Propus 0.00%
Propadeces 0.002%
Propyme 0.002%
Bt 0.002%
»Bumne 0.000%
1-Banane 0.007%
- Banooe O 0%
Trmen- ¢ -Frtane: 0.002%
Ca-2-Busene 0.00%
13- Busadsone 0.00%
weo-Puntame 0001%
+Pamumne 0.00%
s-Pamme ©.002%
Pertons 0.002%
Haxare Phs 0.002%
Hydroges Sullide 0.9012% 0.000)% o0 14%
Carbcuwy! Sulfde 0.0011% 0 0001% .00d1%
Unidansifoed 0.001%
Wasar ND 0.001% ND
Twal Y™ 190.%
Calcwinted Real Gas Propertias pev ASTM DIS83-91
Temp. CFF Y e
Prem. (paia ) 14606 n
Compramibility Fter [3) = o 0.5
Ralatrve Dunsety = 188 )38
Gram HY (DRY) = 354 555
- Crwst HY (SAT.) = 544 45
Wobbe index = 543 45
Na HV (Dry} v $34 536
Na HY (SaL}= $18 516

lratitne of Gas Technology 1700 South M Prespeat Rd Des Plaarex. L. 60018

1041 30
10T Lag # - 9614951 308



IGT Institute of Gas Techoology

Analytical Report

Major Component Gas Analysis By Gas Chromatography

Chent Name: Motmrdi Platy
IGT Sampie Nurnber: 9614962

Netax: All sk values wre beiow desactian lrun

Iostrnss of Gas Tachmology 1700 Sonsh btz Prowpect R4 Des Plames, I 60012

KD - Not Determaed
Talal Hydrocarbom we below 0.034%

Sample Deacription: Samsple 64017002 /*(3/5¢ 11700
Date Analysed: 7-Oct-96 Analyst: cla
Cosspanent Mel % Dt Limilt Weight %
Hainam ND 0.001% ND
Hydrogm s o.0e% (5L
Carbean Decacinde 25.9% 0% 357%
Eshame 0.00%
Ethane 0.00%
Cypen/Argen D% 0.07% 0.6
Nivogm 1% om% 2%
Mcthane 0.0M%
Carbn Wiatsoide D% 0.03% I15%
Etbyes: 0.00I%
Propane 0.007%
Propene 0.000%
Propaches: 0.007%
Propyme 0.00T%
Bamgee 0.00%
s-Bakare 0.0%
1- B .00
-Banane 0.007%
T rlatme- 7 - Brtoummat 0.00™%
Ca-2-Baiere 0.002%
1.3 Brachens 0.007%
ox-Punianc 0.001%
+Posane 0.002%
oPantane 0.0027%
Porlenes 0.002%
Heome Phs 0.002%
Hydrugm Sulfide ©.0001%
Cartareyl Sulfice 0.0036% 0.001% LM%
Unidangifond %
W ke ND 0.001% ND
Towt 100.8% 190.0%
Calculstsd Ran) Gos Propertin per ASTM DI5E3-91
Teaop. F [ 1] “a
Prem. (puis 1469 1an
Compremibiliey Facher [3] = 059900 099900
Redatrve Dumgivy = 1.0657 1.0557
Grom HV (DRY) » e ”ns
Ciwrenn HIV (SAT. )= 0.0 ”°2
‘Waobbe budex = " »no
Na HV (Dry) = ns nr
Ne HV (Su)e 510 2

10396
IGT Lay € : 9614962303



Analytical Report _ 101396

'GT Institute of Gas Technology WOT Lag § - 9610063 X138

Major Component Gas Analysls By Gas Ohromatography
" Chent Name: Mostard] Platt
1GT Sample Number: 9614963
Sample Decription: Sample 64017003 703 /¢6 13700

Date Analyred: 7-Og1-96 Analyst: cla
Component Mol % Dut. Liwst Weight %
Helamn KD 0.001% ND
Hydrogm LO% 0.0M% L%
Carton Dicstide 3.98% 0% L98%
Ethume 0.00%

Ethame 0.03%
Oxygen/Argn 185% 0.00% 20.5%
Nizoge .M o 0% A2%
Maheo 003%
Carban Moncmde 1% 1., A67%
Edbyne 0002%
Propene 0.00%
Propeoe 0.007%
Propadeane 0 0M%
Prepyw: 0.0027%
+Bruame 0.007%
o-Bute 0.002%
1-Butame 0.007%
i-Butone 0002%
Trwre-2-Buee 0.00%
Cus-2-Bunene ‘ 00m%
13- Busdione 000™%
e Partane 0.001%
Pemane 0007%
»Perniane 0.00%
Perteacs b O%
Hexme P 0.07%
Hydrogen Sulfide 20001 % 0:0001% 0.0002%
Carbanyt Sulfide 0.0004% 0.0001% L.0009%
Uidentifiad 0.001%
Wug ND 0.001% ND
Tetal 160.0% 100.0%
Calcuiotod Raal Gas Propertios per ASTM DIS$S-91
Ty (FF 7] r
Prems. (pms) 14.606 un
Compresibdity Feser (1) = 099955 0.99933
Relatrve Density » 1.0093 1.0093
Gram HV (DRY) » 146 6
Groms HV (SAT.) = 143 143
Wobbe Ladex = s 145
Na HV (Dxy) = Jat 142
Net HV (Saz )} » 139 139

Notzs: All bank vahus wre beciow denpmuon luut
ND - N Dovammad
Tatal Hydreorbars are low 0 3%

of Gw Technology 1700 South M Prospect R4 Des Plunes, L 60018




IGT tasinste of Gas Techoology

Analytical Report

Major Cemponent Gas Analysh By Gas Chromatography

Qient Name: Mostardi Platt
IGT Sample Number: 9615111

Sampk Descripton: Sample 64113-001  ro/5/6b  o®oo
Date Analyzed: 23-0¢1-96 Analyst; cla
Componenit Mol % Dat. Liwit Weight %
Balamn ND 0.001% N
Hydrogm 124% A0Mm L15%
Cartem Dacacide ILI% amw 2%
Etbapr [T
Ettumne Qg%
Cxygeny Argem 399% am% 415%
Migrogen 0.7 0.O% 45.7%
Mathune 0.09%
Cartay Monosade 213% QMm% 192%
Estryne L1 -
Propmse 0.0T2%
Propee: 0.0m%
Propachese 0.00%
Propye= 0.00T%
i-Bagtane Ao
»-Bame Q.002%
1Bt 0.0Mm%
wBueme 0.00X%
Truin-2.Banane -2
Cone'l-Pratiter LX< 8
13- Baxaciene QA0
- Pustanne aomI%
HPame C.00M%
»Penme 0%
Peptzom 0.002%
Heomse Pha Q00
Hydrogen Salfide 0.0001%
Caroaryl Salfude 0.0004% .00 V.00ES %
Unedemeifind 0.00t%
Witay ND 0.001% ND
Total 100.8% 100.0%
Calcnintad Rool Gas Propertion per ASTM D35S38-91
T Temp (TR “s Y
Prem. (puia)= 149 un
Conpresnbiiey Facor {2} = 299997 99907
Reistive Dutynty = 1.0731 Lom
Gross HV (DRY) = ne !
Geam HY (SAT.) = e 1]
Wobke ladex = nI S
Na HV (Dry) » 7 .6
MNa BV Sa) = 7l n3

Nedex All blank values ere below detaction g

trenna: of G Tedhrology 1700 Soas M Prospect R4 Des Places, I 60012

ND - Not Dewermined
Total ydroorbons are e eo 0.07%

1073456
KT Log s 9615121.X0Ls



TG T st of Gas Technoiony Asalytical Report

Major Component Gas _A.ub- By Gas Chromatography

et Name: Mostardi P&
IGT Sample Number: 9615122

Sampie Description: Sample 64113002 !9faf4b 1100
Dure Analyred: 23-Oc1-96 Analyst: ¢la
Component el % Dee. Limnit. Weight %
Raliun ND 2001% ND
Fydrogen wTI% oM s,
Cartan Dicrde 175% o S.64%
Ethane 0.0M%
Ethane 0.00%
Qrygen/Atgn 186% om% 30.5%
Nitrogee TiI% % "%
Maheme 0oT%
Carben Manamde In% LY 1 LR 7L
Edvyme QOI2%
Propese Q.0M%
Progene 0.002%
Propediere LY. 3
Propyac 0.00%
=Bume A0I%
[T 0002%
1-Baaeme Q.0m%
-Buame 0.0
Tros-1-Bume oo™
Cin-d-Busers 0.002%
13-Buadiame Q00%
- Protase ami%
»Periane 0.002%
-Pemane 0.00%
ST 2.000%
Heome Pun 0.007%
Hydroge Sulfide % A40001% 2.0001%
Carbory Sulfde S.0004% Amol% 20007,
Unsdentifiod 0.001%
Watar ND ami% ND
T "% 100.0%
Caicnintad Rasl Gas Praperthm per ASTM I0583-91
Tamy. (F Y] Y]
Prem. (pma)e (v 147
Compamdiity Facor (3] » 0999355 [ L .0
Relatrve Doty « 1.oom 10071
Grom HY (DRY) = 1.1 5.1
Grom HY (SAT.}= 143 143
Wobbe lndex = 150 150
Nt HV (Dry) = 6 146
Net HV (SaL) = 143 143

Neotas: Al blank viluns e below delacnos bt
ND - Not Dty
Tesal bydrocrbers are kess Sum 0.09%

Imoass of Ges Technology 1700 South My Prospea R4 D P, I 60018

107349¢
IGTlog# s15120Ls



'GT Insurute of Gas Technology

Analytical Report

Major Component Gas Analysis By Gas Chromatography

~ Ghent Name: Mostardi Platt
IGT Sample Number: 9615123

Sample Description: Sample 64113003 /9[4/5b 13 00
Date Analyzed: 23-Oxt-96 Analyst: cla
Component Mol % Dwt. Liuait Weight %
Halimn ND Q.001% ND
Hydrogm 4% 6.0 *246%
Carbxan Dicacide DA% 0 0% 33.7%
Exhanse 0.M%
Ethane 0LII%
Oxygen/Argon 126% 0% 131%
Nirogm e 0.0%% Qa7
Methene 0.00%
Carbon Monaxode 3% 0.03% 0%
Exbryne 0.007%
Propese 0002%
Propene 0.002%
Propadiene 0.002%
Propyw: 0.002%
~Eatane 0.007%
»-Batane 0.007%
1-Butems 0.007%
B 0.005%
Tras-2-Butene 0.007%
Cin-2-Dangne 0.00T%
1 -Enaacbene 0.002%
man-Pustane 0.001%
+Pustane 0.007%
w-Pentae 0.002%
Pustanss 0.002%
Hexane Phs Q00T
Hydragmn Sulfids .01 9% L.0001% +L21%
Carborryl Sulfide .0041% 0.0001% L.0000%
Unsdantifiad 0001%
Wea ND 00I% ND
Tetal 100.0% 100 0%
Caicuisted Real G Preperties par ASTM TLISES.9]
Tamp ('F [} [T}
Pram. (puie)~ 149 T
Compressibiliry Faczor [2] = L) 0.9990
Ralstrve Dunguy = 10536 1.0656
Grow HV (DRY) » "7 ”ne
Geom HV (RAT.) = "1 fna
Wobbe lndex * ™ 900
Na HV (Dry) = 91 %0.0
Na RV (Sa)= - &1 ns

of Gm Techrology 00 South ML Prospot R4 Des Plames, I 60013

ND - Not Determpnd

Tota) hydrocarizzs are Jem than 0.09%

1073456
IGT Log ¢ 9415123008



'GT lastitute of Cas Tachnology As Report - la'ru:':ms;nm

Major Component Gn_rua}y:i- By Gas Qromstography
Client Name: Mostard| Plant
IGT Sample Number: 9615301
Sample Description: Sample 64202001 :o[n[q L eb e

Date Analyzed: 24-0ct.96 Analyst: cla
Component Ml % Dut. Limk Waight %
Balian ND 0.001% N
Hydrogm % 0.0M 206%
Carieas Dunosde: 434% 0% £39%
Elemr 0.0%
o 0%
Cuypm/Ange 172% 0.0% 19.6%
Naroge 3% 0.03% T0E%
Dbttt 0.0F%
Cartem Micnride 434% 0.03% 4 0%
Efrye 0.002%
Propes 0.072%
Propex: L. Y
Propadae 0.002%
Propyse 0.002%
i~ 0.00%
Bt 0.00%
B 0.00T%
i 0.00%
Troms- 2-Putene 0002%
Ca-2-Bussme 0.0T%
L -Basachene 0.002%
s ] 0.001%
5, ] 0.0%
a-Pumtute 0.002%
Feomanm 0.002%
Fexae Pis 0.00%
Hydrogan SolSee 3% 0.0001% 0.0004%
Cartsomyl Sulfade .0004% Q.0001% 0.0013%
Unecbemifind 0.001%
Wee W A001% ND
Tand 19e0% 100.0%
Coalcuisted Am! Gas Propertis por ASTM DISSS-91
Tamp. {F» “wa “wa
Prem. (pma)® 140% un
Canpreasibiliey Fecter [7] = 099983 095935
Ralative Dpmnty = 1.0 1.0073
Gras HV (DRY) = 164 167
Gras AV (SAT.)= 163 164
Wobbe ladex = 166 166
Net HY (Dry) = 160 6.1
Net HV (SaL)} 153 158

Nota: AD blank vahues i below devatuon oo
HO - Nex. Dtrerrmmnd
Toual ydrocerhoos are lan thas 0 0T%

htrase of Gas Tedwology 1700 Souh M. Prospect R4 Des Plames, L. 80013



|GT Iastitute of Gas Techaology Anshy Report ’ mml:nlsx

_blajor Component Gas Anatysis By G Owroruatography
Cleni Name: Mosmardi Plau
1GT Sample Number: 9615302

Sample Description: Sampie 64202003 (of17f¢b 17 o0
Date Analyzed: 24-0c1-96 Analyst cla
Component Ml % Det. Lisalt Weght %
Falams ND A001% o
Hydeogen 2% 0.0M% L%
Car'mees Dreacade: 1% o.0% L1%%
Elbame 0.0M%
Elbenr 2.%
Cuypus/Argen 1L4% 0.05% 38.4%
Narogm "N 00% L%
Mt 0.0N%
Carton, Mcoide % 0.0¥% 5%
Ethyar 0.007%
Propues o.0m%
Propms 0.002%
Propudieme 0.00%
Propyse 0.00%
-Batane QO
n-Busane Q.002%
1-Baname 0.002%
- Paiae 0.007%
Tras-2-Baseme 0.0m%
Cin- 2+ Bukae (o2 o7y
L3-Buasdicne 0.002%
(VS 000N
~Pentane 0.000%
o-Preziane 0.0M2%
Pooepey 0.002%
Hexaee Pha 0.002%
Rydrogan Sulfide L0001 % 00001% LX L
Caracsmyl Sl L% Q001% A.000T%,
Uittt 0.001%
Wea o A00t% ND
Toaal 10L.0% 100.0%
Calcuinted it Gos Propartis por ASTM DISEE-91
Tag (F- ) .0
Prom. (pria) 1405 n
Carnpremitslity Feger {z) = 099958 099953
Ralative: Dagscay = 1033 1.00m)
Groms HV (DRY) » 105 10
Gross HV (SAT) » 103 103
Wobbe budex » 105 105
Nt HV (Dry) = 10 0.
NaHV (Sa)» 1) 100

Mows Al hlank vabots sre btlonr dovecuom me
ND - Nex Deacrenind
Totad bydromrben arc lom then 0.01%

{ontrage of Gus Techoology 1700 Souh Me. Prospeat R4 Des Plaines, I 60213



Analytica] Reponrt 1orzame
'GT lastitute of Gas Techaology po ; 1GT Lag 1 9615303 005

Major Component Gas Analyss By Gas Chromatopraphy
Client Name: Mostzrdi Platt
IGT Sample Number. 9615303

Sampile Description: Sample 64202-003 Nl"/”’ /3 o0

Duwe Analyzed: 24-Oct-56 Analyst cla
Component Mol % Dt Livait Weight %
Falomn WD 0.001% w
Fydrogas 4TI% 0.0M% 4131%
Cartoon Dregle L% 0.00% M
Ethane 0.00%
Ethane 0.03%
Oxypee/ A 2% oo LA5%
Nierugwe “a% 0.0m% “3v
Mathers o.;m%
Carton Manaxide 28.4% 0.0M% 33%
Ettwne oo™
Propee 0.007%
Pregume 0.0
Propedsane 0.00%
Propys: 0.00%
=B 0.007%
»-Butane 0.000%
1-Bame 0.002%
i-Batage oom%
Trare-2-Batene 900
Cis-2-Busmne 0002%
1.3-Butadeeme 0007%
woo-Pamtanc 0.001%
+Pentape 0.002%
o-Pumanc 0.007%
Pentcac 0.002%
Hows Prs 0.000%
Hydrogen Sulfude *0014% c.om1% L016%
Cartuayy! Sullade 00035% Q0001% 2.0049%
Unidentifind 0001%
Wae ND 0.001% ND
Towm 100,05 100.0%
Cabruisted Rasl Gas Propartios por ASTM DISES-91
Tamp CF “s oy
Prem. (puia) 1o 147
Compromladity Fusee [z) = 095w 0598
Ralasive Dumnity = 1.0636 1083
Grou Y (DRY) = . "3
Grom HY (SAT) = 73 96
Wobbe Index = 9%6.0 %]
Nt BV (Dxy)» it 6.0
Nea RV (Sa)= o 43

Mot AD blapk velus wre below deterion Lonst
ND - Nor. Detarmane)
Tatal bydrocasbors wre ke thas 0.07%

! of Gaa Ti dagy 1700 Sk My Prspect Xd  Des Plars, 1L 62013



Nov-01-96 10:06A IGY Analytical Lab. Ba7 768-0870 P.12

'GT Instinae of Cias Techaclogy yeical Ray mh,-,,,‘.‘;"‘,

Majer Compumunt Gau Ansiysis By Goo Chromategraghy

"Clent Namse: Miartardi Piatt
IGT Sample Numbar: 9€12381
Sample Deacrigtin: Sample 64313881 ofrif66 0800
Dute Amalynad: 30-Oce-98 Anslyst: da

Componast Ml Dot Limit Waight %
Heluma "] 490I% D
Hotrogm asiw com 3w
Carboum Dhlamindn Mi% 0o LI

| = S

] oo
Cuygn/Aggen % L] Y (Y
Narapn “hw o 4LT™

Dethane [ 1.
Cortatn hdamaminls 240% (3] p-¥ Y

L] 800

Pepans [ ] -1

Pcpan [ 1 -rp ]

Pecpaivamm 2.00T%

Propyre 000

[F-S¥ o

[T ™ 0.00

1 dntams 40T

[E [ 1%

Trun-2-lemw L1

Ca-3-Bnsemm 20

1 3-Inasdeme 2.00%

-Pymam 4001%

Pammae [ 1

sPamane 003

Parsians L1 -

Hamame P [-1- .- Y
Mydragew Suifode AR 0.8001% TN
Carbasmyt Sndifide SAETIN (Y- LY I

Ussdamified (111 Y
it W 0DI% ND
Tomd [T T 1900

Coloivtond Bl Cotu Praguvtios. par AFTM DO0-91

Tam CFF s )

Pram. (puia)> 10 un

Covgremibilay Fos |} = L.t ] [, ]

Ralativn Domngy = 10004 10004

Coum WY TRY) = "y 1)

G NV (BAT.)* 950 ”2

Weahbe lndy = nr e

Nat HY (Dry}= ns nr

Wt HY (Bal) = ne L 3]

Pt AN bhank vales oo btlow detonuas it
ND - bt Dastarmasond
Tow! iypiroowthams ore i than 0.009%.

hamcnae of Ons Tachewiegy 1700 Soash b Prospea Rd D Plarws. 0. D11



